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Marked-Up Copy of Specification 

Method and Control Device for operating a drive train 

of a motor vehicle 

BACKGROUND AND SUMMARY OF THE INVENTION 

5 

The present invention relates to a method for operating 
a drive train of a motor vehicle according — fee — the 
proamblQ — e^^ — patent — claim — ^ with an automated gearwheel 
change gearbox^ an automated clutch^ and a control 
10 device for controlling the gearwheel change, gearbox 
and the clutch^ the clutch being opened when shifting 
takes place from an original gear to a target gear of 
the gearwheel change gearbox . 

15 A method for operating a drive train of a motor vehicle 
is described in EP 0 695 665 Al . The motor vehicle has 
an automated gearwheel change gearbox in the form of a 
servo-assisted gearbox, a control device in the form of 
a gearbox control unit and an automated clutch in the 

20 form of a clutch which can be engaged and disengaged by 
the gearbox control unit. When shifting takes place 
from an original gear to a target gear of the gearwheel 
change gearbox, the clutch is opened or disengaged by 
the control device. Shifting consists of various 

25 phases, one phase only beginning when the previous 
phase is completely finished. For example, the clutch 
is only closed when the engagement of the target gear 
has been completed. Shifting is completed when the 
target gear is engaged and the clutch has been closed 

30 or engaged again. 

•ifi Gontraot / ife is aft An object of the present 

invention ±s_ to propooc provide a method for operating 
a drive train of a motor vehicle which makes rapid 
35 shifting operations possible and, at the same time, 

a 

ensures complete performance of the shifting 
operations. According to the invention, [[the]] that 
object [[is]] has been achieved by a method according 
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%e — claim 1 triggering the automated clutch for closing 
before the target gear is fully engaged, and 



determining a trigger 


moment 


( ttria) 


for the automated 


clutch as a function 


of at 


least 


one of operational 



5 parameters and state variables of the drive train . 



According to the invention, the control device triggers 
the clutch for closing before the target gear is fully 
engaged- In an automated gearwheel change gearbox, the 

10 target gear is engaged by moano — e# a shifting actuator 
which is triggered by the control device. It is fully 
engaged when a shifting element of the target gear, for 
example a sliding sleeve, actuated during shifting and 
thus the shifting actuator itself as well have reached 

15 a target position. The engagement of the target gear 
and the triggering and conseguently the closing of the 
clutch thus take place at least partly in parallel. 

The automated clutch, which is arranged in particular 
2 0 between a driving engine and the gearwheel change 
gearbox, can be opened and closed by mcano — e# a clutch 
actuator which is triggered by the control device. With 
the clutch open, the driving engine and the gearbox are 
separated and, with the clutch closed, they are 
25 connected. In this respect, the control device can set 
any desired clutch position between completely open and 
completely closed. The clutch and the gearwheel change 
gearbox can also be triggered by two separate control 
devices . 

30 

The control device determines a triggering moment for 
the clutch as a function of operational parameters 
and/or state variables of the drive train. The 
triggering moment is the moment at which the control 
35 device begins to control the clutch actuator in such a 
way that the clutch is closed- 



- 3 - 



Operational parameters are for example: 

rotational speeds and rotational speed gradients 
of the clutch and of the gearwheel change gearbox, 
5 - torques of the driving engine, at the clutch and 

at the gearwheel change gearbox, 

- the clutch position, 

- a speed of the motor vehicle, 

- triggering signals for the actuators of the clutch 
10 and of the gearwheel change gearbox, and 

- a temperature of the clutch and of the gearwheel 
change gearbox . 

State variables are for example: 
15 - a reaction time of the clutch, that is a time 

between triggering and actual position change of 
the clutch, 

- a time which is required for engaging the target 
gear, 

20 - a synchronous rotational speed of the target gear, 

that is the rotational speed of a gearbox input 
shaft which appears at a current speed of the 
motor vehicle with the target gear engaged, 
a shifting type, that is upshifting or 

25 downshifting, and 

- a shifting mode which indicates whether a shifting 
operation is carried out in ^^sport" style or 
comfortably . 

30 The reaction time of the clutch must be taken into 
consideration in particular in the case of hydraulic 
actuation of the clutch, that is when use is made of a 
hydraulic clutch actuator- The reaction time or dead 
time of the hydraulic triggering may be between 30 and 

35 5 0 ms- 
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In order for it to be poooiblo — fee — ongago to ensure that 
the target gear is engaged safely, the shifting 
5 elements of the gearwheel change gearbox which are 
involved in engagement, for example a sliding sleeve 
and a gearwheel, must not be acted on with torque. This 
is achieved by opening the clutch during shifting. 
Engagement must be completed before the clutch position 

10 reaches a gripping point. At the gripping point, clutch 
disks come into contact with one another, and the 
clutch can thus transmit torque as from this position. 
After the gripping point has been reached, therefore, 
torque can thus be transmitted from the driving engine 

15 via the clutch to the gearwheel change gearbox and thus 
make engagement of the target gear impossible. This 
measure is taken into consideration by the control 
device in the determination of the triggering moment 
for the clutch. 

20 

The time required for shifting, i.e., the shifting time, 
is thus short as the engagement of the target gear and 
the triggering and the closing of the clutch take place 
at least partly in parallel. The tractive power 

2 5 interruption, that is the time for which the driving 
engine can deliver no torque via the gearwheel change 
gearbox to driven vehicle wheels, is consequently very 
short. A vehicle driver can thus accelerate the motor 
vehicle again shortly after initiating a shifting 

30 operation. At the same time, the engagement of the 
target gear, that is the completion of the shifting 
operation, is ensured by the method — according — fee — fei^e 
present invention. Safety-critical driving situations 
in which, for example, the vehicle driver has to 

35 accelerate the motor vehicle but cannot because of a 
gear not being engaged are thus prevented. 



t 
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In a further development of the invention, the control 
device determines the triggering moment as a function 
of a desired profile of a clutch position during 
closing of the clutch. From the desired profile, the 
5 control device determines the triggering, that is a 
profile of a triggering signal, for the clutch, or the 
clutch actuator. The desired profile of the clutch 
position can thus also be taken into consideration 
indirectly in the form of a desired profile of the 

10 triggering signal. The interval between the triggering 
moment and the gripping point being reached is 
substantially dependent on the desired profile of the 
clutch position. By taking the desired profile into 
consideration, [[said]] the interval can be determined 

15 very accurately, and the triggering moment can thus 
also be determined accurately with regard to the 
shifting time and safe completion of the shifting 
operation . 

20 In a still further development of the invention, the 
desired profile of the clutch position has a smaller 
gradient within a range around the gripping point of 
the clutch than outside [[said]] the range. The range 
does not have to be symmetrical in relation to the 

25 gripping point. Moreover, the gradient of the desired 
profile can be different before and after the gripping 
point, and the gradient can also change. The gradient 
can in particular be constant in sections. For example, 
the profile can have a first gradient from a starting 

30 position until it reaches the range around the gripping 
point, a second gradient within the range, then a third 
gradient, and a fourth gradient in a range before 
reaching the closed position. In this connection, the 
first gradient is greater than the second, the third is 

35 likewise greater than the second, and the fourth is 
smaller than the third gradient. The smaller fourth 
gradient serves, for example, to allow a subsequently 
activated clutch regulator to be fully initialized. 
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The clutch position thus approaches the gripping point 
rapidly to a settable spacing, reaches the gripping 
point at a slow speed and then changes again rapidly in 
5 the direction of the closed position. To this end, the 
position of the gripping point is stored in the control 
device. In addition, the gripping point can be adapted 
by methods known per se. 

10 In the event of too great a gradient of the desired 
profile, that is too rapid a change in the clutch 
position when it reaches the gripping point, the clutch 
disks meet one another at great speed, which can lead 
to a noticeable jerk or a noise. If the clutch were 

15 closed at only one speed at which no jerk can occur 
when the gripping point is reached, closing of the 
clutch and thus shifting as well would take a very long 
time . 

20 With the desired profile of the clutch position as 
described, rapid closing of the clutch and thus a short 
shifting time and at the same time comfortable shifting 
is made possible. Moreover, the closing of the clutch 
can be varied, for example adapted to a driving style 

25 of the vehicle driver, by changing the gradients 
outside [ [said] ] the range without the behavior 
changing when the gripping point is reached. 

In [ [a] ] another development of the invention, the 
30 control device determines a first interval which is 
necessary in order to engage the target gear. This is 
carried out in particular during synchronization of the 
gearbox input shaft to the synchronous rotational speed 
in the target gear as, starting from a rotational speed 
35 gradient of the gearbox input shaft, the end of 
synchronization and from there the moment at which the 
target gear is engaged can be precalculated . The time 
for the shifting-through of the target gear, that is 
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the engagement of the target gear after synchronization 
has taken place, can be determined as a function of, 
for example, the target gear, the desired profile of 
the triggering signal and/or a temperature of the 
5 gearwheel change gearbox from a stored characteristic 
set or by means of a model calculation. If the clutch 
can be closed very rapidly, that is if the interval 
between the triggering moment and the reaching of the 
gripping point is shorter or only slightly longer than 
10 the time required for the shifting-through of the 
target gear, -it — — qIdo — poooiblc — fee — detect the end of 
synchronization can be detected and calculato — otarting 
calculation started from this moment. 

15 In addition, the control device determines a second 
interval which is necessary in order to reach the 
gripping point of the clutch. As already described, 
this interval is determined from a current position of 
the clutch and a desired profile of the clutch 

20 position. 

The control device determines the triggering moment 
from [[said]] the intervals. The determination starts 
from the moment, precalculated by moano — e# the first 

25 interval, at which the target gear will be engaged. 
Taking the second interval into consideration, it is 
thus possible to determine when the triggering moment 
may at the earliest occur, in order that the gripping 
point is not reached before the engagement of the 

30 target gear. A suitable triggering moment can thus be 
fixed very accurately. 

In [ [a] ] yet another development of the invention, the 
control device takes a safety period into consideration 
35 in the determination of the triggering moment. The 
triggering moment is moved back by the safety period, 
for example, that — ie- i . e . ^ to a later moment. This 

I 

takes account of an inevitable uncertainty of the 
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precalculation of [[said]] the intervals. The cause of 
the uncertainties lies in, for example, wear of the 
components involved in shifting, component variation, 
for example of the actuators, and/or a reaction time 
5 during setting of the desired clutch position. 

Consideration of the safety period guarantees that 
shifting can also be completed safely. 

10 i« — a — dovolopmont — e# According to the invention, the 
safety period is variable, [[said]] the influences on 
the uncertainties in the precalculation of the two 
intervals can change during operation of the motor 
vehicle. By [[means]] way of a corresponding variation, 

15 that — is- i.e., an adaptation of the safety period, the 
triggering moment can be adapted optimally to the 
current circumstances. This makes short shifting times 
possible and at the same time guarantees that shifting 
can be completed safely. 

20 

In a — dcvQlopmont one aspect of the invention, the 
control device compares the clutch position with 
progress of the engagement of the target gear during 
closing of the clutch. A measure of the progress is a 

25 measured position of the shifting actuator, for 
example. The target gear should be engaged when the 
clutch reaches a given position, for example. Depending 
on a result of the comparison, the control device 
changes the desired profile of the clutch position. In 

30 this connection, [ [it] ] the control device can break 
off the closing of the clutch, hold the clutch position 
constant or reduce the gradient of the desired profile, 
for example . 

35 The control device thus checks during closing of the 
clutch whether the engagement of the target gear is 
still possible at all before closing of the clutch or 
whether, owing to a malfunction of the shifting 
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actuator for example/ the target gear can no longer be 
engaged in time. It is thus recognized early, if 
necessary, that the shifting operation could not be 
completed without intervention in the triggering of the 
5 clutch- In this case, the clutch is opened again, and 
engagement of the target gear is consequently made 
possible - 

The completion of the shifting operation is thus 
10 guaranteed even in the event of incorrect determination 
of the triggering moment or the occurrence of 
unforeseeable events - 

In a dcvQlopmcnt another aspect of the invention, 
[ [said] ] the safety period is varied as a function of a 
third interval between a moment at which the target 
gear is fully engaged and a moment at which the clutch 
reaches the gripping point. If, for example, the third 
interval is shorter than a desired value, the safety 
period can be extended, and the third period can thus 
be extended. Shortening is likewise possible. The third 
period can thus be set to a desired value or in a range 
around a desired value. 

The safety period can moreover be varied as a function 
of the result of said comparison of the clutch, position 
with the progress of the engagement of the target gear. 
If the clutch had to be opened again, for example, this 
is an indication that the calculation of the first and 
second periods was not correct or that there is a 
malfunction. In this case, for example, the safety 
period can be extendedT — for OKQmplc . 

In addition, the safety period can be varied as a 
35. function of a failure of the engagement of the target 
gear as a result of the gripping point being reached 
too early. In the event of a failure, for example, the 
safety period can be extendedT — — example . The safety 



15 



20 
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period can thus be adapted optimally to a requirement 
and to the actual circumstances - 

In a yet further development of the invention, the 
5 control device changes the desired profile of the 
clutch position as a function of [[said]] the 
comparison of the clutch position with the progress of 
the engagement of the target gear. If the clutch had to 
be opened again, the desired profile can be changed in 
10 such a way, for example, that the clutch is closed more 
slowly. The comfort of the shifting operation can thus 
be increased while the shifting time remains the same. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 



Further dovolopmonto — &S — the 


xnvontion omorgo — from — tho 


dcocription — aft^ — fe^^e — dra^jing 
e-f — fe4ie — invention — a-a?e — ohovm 


■^rft — oimplif icd — form — ifi— 


w A A W (Ml 

the 


dravfing aftd cxplainod iflr- 


— groator detail i^i — 


the 



2 0 doooription bolov#, — In tho dravfing: 

Fig. 1 [[shows]] is a schematic view showing 

part of a drive train of a motor vehicle with an 
automated clutch and an automated gearwheel change 
25 gearbox, and 

Fig. 2 [[shows]] is_ a flow diagram of a method 

of the present invention for operating the drive train 
during a shifting operation- 
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DETAILED DESCRIPTION OF THE DRAWINGS 

According to Fig. 1, a drive train 10 of a motor 
5 vehicle (not illustrated) has a driving engine llt[,]] 
which is controlled by a control device 12. The control 
device 12 is in signal communication with a power 
control element 13-7 — by moano of which so that a vehicle 
driver can specify requirements for the setting of a 
10 throttle valve or a delivered torque of the driving 
engine 11. 

The driving engine 11 is connected to an automated 
gearwheel change gearbox 15 by mcanQ — an automated 

15 clutch 14. A power flow between the driving engine 11 
and the gearwheel change gearbox 15 can be brought 
about and separated by mcano of the clutch 14. The 
clutch 14 is actuated by a clutch actuator 16 in the 
form of a hydraulic piston/cylinder unit. The hydraulic 

2 0 lines, valves and hydraulic pump necessary are not 
illustrated. The clutch actuator 16 is triggered by the 
control device 17. Moreover, the clutch actuator 31 
detects its current position and thus the clutch 
position and sends this to the control device 17. The 

25 control device 17 is moreover in signal communication 
with a shift lever 18, by — mcano — &^ — v/hich so that the 
vehicle driver can initiate shifting operations in the 
gearwheel change gearbox 15. Alternatively, shifting 
operations can also be initiated by the control device 

30 17 as a function of shifting characteristic sets known 
per se. 

The gearwheel change gearbox 15 has a gearbox input 
shaft 19, which is connected to the clutch 14, a 
35 countershaft 20 and a gearbox output shaft 21, which is 
connected via an axle gearing (not illustrated) to 
driven wheels (not illustrated) of the motor vehicle. 
The gearbox input shaft 19 is connected to the 
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countershaft 20 by moana — e# a constant 22. Two fixed 
wheels 23, 24 for 1^^ and 2'''^ gear of the gearwheel 
change gearbox 15 are arranged in a rotationally fixed 
manner on the countershaft 20. The fixed wheels 23, 24 
5 mesh with associated loose wheels 2b, 26, which are 
arranged rotatably on the gearbox output shaft 21. In 
each case one of the two loose wheels 25, 26 can be 
connected in a rotationally locked manner to the 
gearbox output shaft 21 by mcano — a shifting element 

10 27 dGQignod configured as a sliding sleeve and arranged 
in a rotationally locked and axially movable manner on 
the gearbox output shaft 21. Synchronizing devices 28, 
29, which can be actuated by the shifting element 21, 
are moreover arranged on the loose wheels 25, 26. 

15 Rotational speed adaptation during a shifting operation 
is achieved by moans of the synchronizing devices 28, 
29. 

In 1^^ gear, the loose wheel 25 is connected to the 

20 gearbox output shaft 21 by moans the shifting 

element 27 . When shifting takes place from 1®^ to 2^^ 
gear, the first step is for the delivered torque of the 
driving engine 11 to be reduced and the clutch 14 to be 
opened. Then the shifting element 27 is brought into 

25 the illustrated neutral position_^ illustrated — aftd- 
oubocquontly/ Subsequently by further axial 

displacement, first the rotational speed - of the 
countershaft 20 and of the gearbox input shaft 19 is 
brought to the rotational speed of the 2^^ gear, the 

30 synchronous rotational speed, and then the loose wheel 
2 6 is connected in a rotationally locked manner to the 
gearbox output shaft 21 and thus the 2^^ gear is 
engaged. The 2"^ gear is thus engaged in the gearwheel 
change gearbox 15. At least partly in parallel with the 

35 engagement of .the 2"^ gear, the clutch 14 is closed and 
then the delivered torque of the driving engine 11 is 
increased again. 
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The shifting element 27 is connected via a connecting 
element 30 to a shifting actuator 31 in the form of a 
hydraulic piston/cylinder unit. The hydraulic lines, 
valves and hydraulic pump necessary are not 
5 illustrated. The shifting actuator 31 is triggered by 
the control device 17 by means of a triggering signal. 
Moreover, the shifting actuator 31 detects its current 
position and thus the position of the shifting element 
27 and sends this to the control device 17. The 
10 shifting element 27 can thus be displaced axially along 
the gearbox output shaft 21 as per the control device 
17, and the gears of the gearwheel change gearbox 15 
can be engaged and disengaged. 

15 In addition, the control device 17 is in signal 
communication with a temperature sensor 32 arranged 
inside the gearwheel change gearbox 15. A temperature 
of the gearwheel change gearbox 15 can be measured with 
the aid of the temperature sensor 32. 

20 

The gearwheel change gearbox can comprise further gears 
which can be engaged and disengaged via further 
shifting elements. In this case, during a shifting 
operation, the shifting element of the target gear is 
25 first selected by moano — e^- a selecting actuator after 
disengagement of the original gear and then the target 
gear is engaged. 

According to Fig. 2, a method for operating the drive 
30 train begins, during a shifting operation, with a shift 
request in block 40. The shift request can be initiated 
by the vehicle driver with the shift lever 16 or 
directly by the control device 17. The method is 
carried out by the control device 17 in a fixed time 
35 cycle, for example with a time cycle of 10 ms . 

In the following block 41, the delivered torque of the 
driving engine 11 is reduced, and the clutch 14 is 
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opened. Moreover, the original gear is disengaged by 
moano — e# the shifting actuator 31, and the sliding 
sleeve 27 is moved in the direction of the loose wheel 
of the target gear. The control device 17 therefore 
5 controls the shifting actuator 31 in such a way that 
the target gear is engaged. The target gear is not yet 
engaged in block 41, however, but the engagement 
operation is only started and continued during the 
processing of the following blocks. 

10 

In the following inquiry block 42, it is checked 
whether synchronization has already begun and whether a 
settable period has expired since the beginning of 
synchronization. The beginning of synchronization is 

15 determined using the position of the shifting actuator 
31- — whose position — fe*ie — ohif ting — actuator — ^ at 
the beginning of synchronization is known. If the 
result of the check is positive, the method is 
continued in block 43. In the case of a negative 

20 result, inquiry block 42 is repeated. It should be 
mentioned here that, in all the inquiry blocks in Fig. 
2, the method continues according to the output of the 
inquiry block downward in the event of a positive 
result of the check and according to the output to the 

25 side in the event of a negative result. 

The rotational speed of the gearbox input shaft 19 
changes during synchronization. In this connection, it 
takes a certain time until a virtually constant 

30 gradient of the rotational speed appears. For this 
reason, block 43 is only carried out a period after the 
beginning of synchronization. In block 43, the gradient 
gradgis of the rotational speed rigis of the gearbox input 
shaft 19 is determined from the rotational speeds rigisi 

35 and ng±s2 on two measurements of the rotational speed ng±s 
and the moments ti and tz of the measurements . 
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The synchronization is completed when the rotational 
speed Ugis reaches the synchronous rotational speed nsync 
5 of the target gear. The synchronous rotational speed 
J^sync follows froiTi the rotational speed n^os of the 
gearbox output shaft 21 and the ratio of the target 
gear itarg- The rotational speed rtgos can be measured 
directly or calculated from rotational speeds of the 
10 driven vehicle wheels and an axle ratio. 



^sync " ^gos * ^targ 



Also in block 43, starting from the moment t2, the 
synchronizing time (^tsync also necessary is calculated 
15 from the rotational speed ng±s2t the gradient gradgis and 
the synchronous rotational speed nsync» 



'sync 



grad. 



gis 



20 In the following block 44, a shif ting-though time 
^tthroughf which is necessary after the completion of 
synchronization in order to engage the target gear, is 
determined. The shifting-through time ^tthrough is 
determined from a characteristic set stored in the 

25 control device 17 as a function of the target gear, a 
desired profile of the triggering signal of the 
shifting actuator 31 and a temperature measured in the 
gearwheel change gearbox 15. The characteristic set 
values are determined in a development phase using 

30 measurements and stored. The stored values can be 
adapted during operation of the motor vehicle by mcano 
a comparison of the stored values with measured 
values . 
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An interval Ateng/ which is necessary starting from the 
moment t2 in order to engage the target gear, is 
determined from the necessary synchronizing time At^ync 
5 and the shifting- through time ^tthrough- 

An interval i^tgrip, which is necessary in order to bring 
10 the clutch 14 from a current clutch position to the 
gripping point, is determined in the following block 
45- An interval Atideaif which would be necessary if the 
clutch position were to follow the desired profile 
ideally, is determined from the desired profile of the 
15 clutch position. A reaction time Atreac is added to this 
interval Atideai* 

20 In block 4 6, starting from the moment t2, the triggering 
moment ttrig at which the control device 17 begins to 
control the clutch actuator 16 in such a way that the 
clutch 14 is closed, is determined. The triggering 
moment ttrig is determined in such a way that the clutch 

25 position reaches the gripping point shortly after 
engagement of the target gear. In order for it to be 
possible to compensate for inevitable uncertainties in 
the precalculation of said times and intervals, a 
safety period Atsaf is also taken into consideration in 

30 the determination of the triggering moment ttrigr by 
which ttrig is moved back. The triggering moment ttrig is 
calculated according to the following formula: 



35 



ttrig — t2 + Ate/jg + ^tsaf "~ ^t 



grip 



It is then checked in inquiry block 47 whether the 
triggering moment ttrig has been reached. If this is not 
the case, inquiry block 47 is repeated. When the 
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triggering moment ttrig is reached, the control device 17 
begins in block 48 to control the clutch actuator 16 
according to a desired profile of the clutch position 
in such a way that the closing of the clutch 14 is 
5 begun. The clutch is not completely closed in block 48, 
but the closing operation continues during the 
processing of further blocks. 

In the following inquiry block 49, the clutch position 
10 is compared with the position of the shifting . actuator 
31. In this connection, the clutch position and the 
shifting actuator position are indicated in [%] of the 
total travel necessary in the case concerned- That is, 
as far as the shifting actuator 31 is concerned, 
15 depending on the total travel until engagement of the 
target gear and, as far as the clutch position is 
concerned, depending on the travel until the gripping 
point is reached. The inquiry block 49 delivers a 
negative result if one of the following conditions is 
20 met: 

the target gear is not yet engaged when the clutch 
position reaches a first checking position, 
the integration of the difference in [%] between 
the clutch position and the shifting actuator 

25 position is greater than a first limit value, 

the difference in [%] between the clutch position 
and the shifting actuator position is greater than 
a second limit value when the clutch position 
reaches a second checking position, 

30 - a gradient of the clutch position was or is for a 

period greater than a gradient of the shifting 
actuator position and at the same time the clutch 
position is greater than a third checking position 
and the shifting actuator position is smaller than 

35 a limit position and 

- a repeated precalculation of the clutch position 
and shifting actuator position starting from the 
current time and current values reveals that the 
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clutch position reaches a maximum permitted 
position before the gear is engaged. 

If one of said conditions is met, there is a risk of 
5 the gripping point being reached too rapidly and of it 
no longer being possible to engage the target gear. 

In the case of a positive result, that is if none of 
the conditions is met, it is checked in inquiry block 
10 50 whether the target gear has been engaged and the 
gripping point reached. In the case of a negative 
result, inquiry block 49 is repeated; in the case of a 
positive result, the method is continued in block 51. 

15 In the case of a negative result in inquiry block 49, 
that — ie- i.e., if one of [ [said] ] the conditions is met, 
the clutch 14 is opened again in block 52, which safely 
makes possible engagement of the target gear. In the 
following inquiry block 53, it is checked whether the 

20 target gear is engaged. In the case of a negative 
result, inquiry block 53 is repeated. 

In the case of a positive result in inquiry block 53, 
the clutch 14 is closed in block 54. The method is 
25 continued only when the gripping point is reached. 
Subsequently, the method is likewise continued in block 
51. 

4 

An adaptation of the safety period ^tsaf is carried out 
30 in block 51. In this connection, it is checked whether 
the actual interval A tact between actual engagement of 
the target gear and the gripping point actually being 
reached lies within a tolerance range around a desired 
period Atdes- If the actual interval Atact is longer than 
35 an upper limit of the tolerance range, At^ar is reduced 
by a value; if ^t^ct is shorter than a lower limit of 
the tolerance range, Atsar is increased by a value. In 
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this connection, the value can be predetermined or 
dependent on the actual interval. 

If inquiry block 49 has delivered a negative result, 
5 that is the clutch 14 has been opened again in block 
52/ the desired period Atdes ^nd thus indirectly i^tsaf 
also is extended by a value. In this connection, the 
value can be predetermined or dependent on the clutch 
position and shifting actuator position at the moment 
10 of processing of inquiry block 49. 

After the processing of block 51, the torque of the 
driving engine 11 is in block 55 set to the requirement 
of the vehicle driver again. The shifting operation and 
15 the method are thus completed in block 56- 

The torque of the driving engine 11 can also be 
increased in parallel with the closing of the clutch 
14 . 
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Patent Claims 

1. A method for operating a drive train of a motor 
vehicle with 

- an automated gearwheel change gearbox (15), 
an automated clutch (14) and 

a control device (17) for controlling the 
gearwheel change gearbox (15) and the clutch (14), 
the clutch (14) being opened when shifting takes place 
from an original gear to a target gear of the gearwheel 
change gearbox (15) , 

characterized in that the control device (17) 

triggers the clutch (14) for closing before the 
target gear is fully engaged and 

- determines a triggering moment ttrig for the clutch 
(14) as a function of operational parameters 
and/or state variables of the drive train (10) . 

20 2. The method as claimed in claim 1, characterized in 
that the control device (17) determines the triggering 
moment ttrig as a function of a desired profile of a 
clutch position during closing of the clutch (14) . 

25 3. The method as claimed in claim 2, characterized in 
that the desired profile has a smaller gradient within 
a range around a gripping point of the clutch (14) than 
outside said range. 



10 



15 
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4- The method as claimed in claim 1, 2 or 3, 
characterized in that the control device (17) 

- determines a first interval Ateng which is 
5 necessary in order to engage the target gear and 

- a second interval i^tgrip which is necessary in order 
to reach the gripping point of the clutch (14) and 

determines the triggering moment ttrig from said 
intervals - 

10 

5. The method as claimed in claim 4, characterized in 
that the control device (17) takes a safety period Atsaf 
into consideration in the determination of the 
triggering moment ttrig- 

15 

6. The method as claimed in claim 5, characterized in 
that the safety period l^tsaf is variable. 

7. The method as claimed in one of claims 1 to 6, 
2 0 characterized in that the control device (17) 

compares the clutch position with progress of the 
engagement of the target gear during closing of 
the clutch (14) and 

depending on a result of the comparison, changes 
25 the desired profile of the clutch position. 

8. The method as claimed in claim 7, characterized in 
that the control device (17) opens the clutch (14) 
again after breaking off the closing of the clutch (17) 

30 and the clutch (14) begins to close again only after 
the target gear is fully engaged. 
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9. The method as claimed in claim 6, 7 or 8, 
characterized in that the safety period Atsar is varied 
as a function of 

a third interval A tact between a moment at which 
the target gear is fully engaged and a moment at 
which the clutch (14) reaches the gripping point 
and/ or 

- the result of said comparison and/or 

a failure of the engagement of the target gear. 

10. The method as claimed in claim 1, characterized in 
that the control device (17) changes the desired 

15 profile of the clutch position as a function of said 
comparison . 
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Abstract 

^ Method — #e-e — operating — a — drive — train — &^ — a — motor 

5 vehicle — during a — ohifting operation of a — gcar\>jheol 

change goarboK. 

2,1. — ifi — Icnovm — methods — — controlling — a drive — train 
during — a — ohifting — operation/ — aft — automated — clutch 
4r3 — only — triggered — #e¥ — clooing — when — a — target — gear 

is fully engaged, i-t is fe-tie object tfee 

invention — to propoijo — a — method — vjhich — ma keo — rapid 
ohifting — operationo — pooaiblc — aftd — et^ — hhrB — oame — time 

enoureo complete performance e-^ feive ohifting 

operationo ■ 

[[2.2.]] In [[the]] a method according — fee — fciie — invention 
for operating a motor vehicle drive train during a 
shifting operation of a gearwheel change gearbox ^ 
20 the clutch is triggered for closing before the 

target gear is fully engaged. A control device 
determines a triggering moment for the clutch as a 
function of operational parameters and/or state 
variables, of the drive train. The control device 
25 calculates a required interval which is necessary 

until complete engagement of the target gear and 
an interval which is necessary until a gripping 
point of the clutch is reached. An optimum 
triggering moment is determined from these 
30 intervals. The tractive force interruption during 

a shifting operation is thus very short. At the 
same time, the completion of the shifting 
operation is ensured. 
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Fig. 2 
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